Carbon-supported CuO Catalyst Prepared from Oil Palm Empty Fruit Bunch (EFB) for Low-temperature No Removal  by Ahmad, Norhidayah et al.
 Procedia Engineering  148 ( 2016 )  823 – 829 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPEAM 2016
doi: 10.1016/j.proeng.2016.06.623 
ScienceDirect
4th International Conference on Process Engineering and Advanced Materials 
Carbon-supported CuO Catalyst Prepared from Oil Palm Empty 
Fruit Bunch (EFB) for Low-Temperature No Removal 
Norhidayah Ahmada, Naimah Ibrahima,*, 	Ǥǡǡ
	 
aSchool of Environmental Engineering, Universiti Malaysia Perlis, 02600 Arau, Perlis, Malaysia 
Abstract 
A preliminary study on low-temperature nitric oxide (NO) removal was conducted using carbon-supported catalyst system 
derived from local agricultural biomass, oil palm empty fruit bunch (EFB). Raw EFB was chemically treated with phosphoric 
acid, heated and impregnated with metal catalyst (copper oxide, CuO) at 5 wt% metal loading. The system was characterized in 
terms of its surface morphology using field emission scanning electron microscopy (FESEM) fitted with energy dispersive x-ray 
(EDX) spectroscopy. Approximately 90% NO conversion was achieved when passing 1000 ppm NO-containing gas stream 
through the carbon-supported CuO (CuO/EFBC) packed bed at 100oC (373 K).  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016. 
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1. Introduction 
Nitrogen oxides (NOx) emission from mobile and stationary source is known to be hazardous to human health 
and the environment through, for example, formation of photochemical smog and acid rain. Critically, the 
photochemical smog produced when NOx react with ozone, is damaging to human respiratory system [1-4]. Apart 
from the conventional de-NOx technology through selective catalytic reduction (SCR) at 300-400oC by catalyst 
system like vanadium on titanium dioxide with external reducing agents such as urea and ammonia [5-7], low-
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temperature SCR catalyst systems that activate catalytic reaction under 300oC [8-11] had also gained attention and 
developed.  
Recently, extensive study on SCR of NO using carbon (carbon-selective catalytic reduction, or CSCR) has 
demonstrated the potential of using carbon materials (such as chars and activated carbons) for exhaust purification at 
low temperatures (100–250°C) [12-14]. The use of carbonaceous material for NO removal from gaseous emissions 
is appealing due to the material multifunctional characteristics; they can behave not only as adsorbents [15], but also 
as catalyst [16], catalyst support [17] and also as reductant and catalyst themselves [18]. This may be due to their 
physical properties such as pore structure [19, 20]. Interestingly, NO reduction at low temperature can be observed 
with impregnation of metal (alkali, alkaline-earth or some transition metals) to produce carbon-supported catalysts 
[21, 22]. As reducing agent, surface chemistry also plays a significant role in the reduction activity. The surface 
chemistry of carbon can be modified by pre-treatment with activation agent e.g. HNO3 [23], H3PO4 [24] or H2SO4 
[25], that produces surface oxygen complexes which may activate NO reduction.  
Various type of carbonaceous materials derived from agricultural biomass has been studied for NO removal 
including coconut shell [26, 27], wood [28, 29], walnut shell [30], plum stone [31] and palm shell [32]. Direct NO 
decomposition or reduction with carbon-supported catalysts has been investigated by different authors; the reaction 
was attributed to a redox mechanism, where the oxidized catalyst was reduced by the carbon surface species [33].  
In Malaysia, almost 15 million tons of EFB biomass is generated annually by palm oil processing industries [34], 
therefore it is an abundant source for recycle and reuse activity, e.g. as catalyst support for NO conversion. The 
presented work is a preliminary study to evaluate modified oil palm EFB as CuO catalyst support (CuO/EFBC) for 
low temperature NO removal.  
2. Experimental 
2.1. Preparation of EFBC and CuO/EFBC samples 
Oil palm empty fruit bunch (EFB) was obtained from United Oil Palm Mill Sdn. Bhd., Nibong Tebal, Malaysia. 
The fibres were physically cleaned, washed and dried at 110oC for 24 h to remove moisture. Phosphoric acid 
(H3PO4) (Hmbg) was used without further purification, while metal catalyst solution (precursor) was prepared from 
copper oxide (CuO) (Hmbg) using deionised water. 
Activation of the EFB and CuO impregnation was done following several previous works [35, 36]. The dried 
EFB (40 g) was then soaked in 200 mL of concentrated H3PO4 (vol. 85% purity) in a ceramic crucible for 30 min 
and heated in a furnace for 24 h at 400oC to dry up the liquid and create pores and sites. The heated material was 
cooled and washed with copious quantity of distilled water to remove residual acid. The washed carbon was dried at 
110oC for 24 h. The carbon material prepared from EFB (EFBC) was then impregnated with 6.253 g/L of CuO to 
obtain around 5 wt% of metal loading (10 mL of CuO solution/gram of EFBC). During impregnation, the EFBC and 
CuO mixture was agitated for 5 h using an orbital shaker. The mixture was then heated by double boiling method to 
keep the temperature constant around 70oC while being regularly stirred until the liquid part evaporated. Following 
that, the samples were heat-treated at 400oC for 4 h to calcine the catalyst. The resulting sample of EFBC 
impregnated with CuO (CuO/EFBC) was sieved to obtain average particle sizes between 0.5-1 mm for further 
testing.  
 
2.2. NO removal experiment  
 
The percentage of NO removed from gas stream by the CuO/EFBC catalyst system was measured in an 
experimental set-up shown in Fig. 1. Gases used were 0.3% nitric oxide/helium (NO/He) and pure He provided by 
Linde Malaysia, while gas flow was regulated by Aalborg GFC mass flow controller. CuO/EFBC weighing 2 g was 
packed in a quartz-column reactor of 0.15 cm diameter and 25 cm length. The rest of the reactor void space was 
filled up with quartz wool, while the end of the quartz reactor was capped with Swagelok vacuum fittings. The 
reactor was heated to 100oC (373K) in a tubular furnace (Vecstar, UK).  
Initially, the CuO/EFBC packed bed was flushed with helium flow for an hour. A synthetic gas stream containing 
1000 ppm NO was then passed through the packed bed at total flow rate of 100 ml/min in a horizontal-flow manner. 
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The NO concentration in the gas stream eluted from reactor outlet was measured for an hour by a NO-NO2 analyser 
(TESTO 340, Germany) installed at the end of the system.  
The amount of NO conversion was calculated by dividing the difference between initial and final NO 
concentration by the initial NO concentration using the following Eq. (1):   
  
         (1) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Experimental set-up for NO removal measurements: (A) Pure He; (B) 0.3% NO/He; (C) Mass flow controller (MFC); (D) 3 ways valve; 
(E) By-pass (F) tubular furnace (G) CuO/EFBC bed placed in a quartz  column reactor surrounded by a tubular furnace (H) NO analyser (TESTO 
340, Germany). 
3. Results and discussion 
3.1. Surface Morphology of Raw and Modified EFB  
FeSEM micrographs of raw and modified EFB samples are shown in Figs. 2(a) raw EFB, (b) EFBC and (c) 
CuO/EFBC. It can be seen that there are significant structural changes after raw EFB was carbonized with 
phosphoric acid and heated at 400oC. Carbonization is a primary process to produce char and activate the 
carbonaceous materials; and it usually takes place at low temperature around 140-400oC to avoid thermal 
degradation [37, 38]. According to Gani and Naruse [39], secondary organic matter can be further decomposed at 
high temperature in oxygen. This may attenuate the surface morphology of the obtained char and affect the 
combustion characteristics of biomass samples. 
 
 
 
 
 
 
Fig. 2. FeSEM micrographs showing the surface morphologies: (a) raw EFB; (b) EFBC; and (c) CuO/EFBC. 
As can be seen in Fig. 2(a), raw EFB has a thick wall structure with no deformation or pore formation on the 
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surface, while the carbonized EFB (EFBC) shown in Fig. 2(b) exhibits highly developed porous structure with pore 
diameter around 5-10 Pm. The well developed micropores of EFBC are expected to enhance the NO catalytic 
activity. After CuO impregnation, it can be observed in Fig. 2(c), that the cavities formed on the surface of EFBC 
now appear to be covered by the catalyst layer. CuO was selected to be used in this study due to its high efficiency 
in removal of several pollutants and the enhancement of reaction activity [36]. EDX analysis (not shown here) 
measured qualitatively the presence of phosphorus and copper on the surface of EFBC indicating that H3PO4 
modification and CuO impregnation has taken place.  
 
3.2. NO removal by CuO/EFBC  
Preliminary NO removal experiment showed that NO conversion up to 90% (calculated based on Eq. (1)) 
could be achieved by passing 100 ml/min of 1000 ppm NO through an CuO/EFBC packed bed (2 g) at 100oC. The 
NO concentration was monitored at the reactor outlet for an hour as shown in Fig. 3. Compared to several previous 
work done by other researchers as tabulated in Table 1, the CuO/EFBC system showed comparable NO removal. 
Viscose based-activated carbon for example, achieved 86 to 94% NO conversion [36]. NO2 concentration on the 
other hand, was found to be negligible in the gas stream coming out of reactor outlet.  
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Fig. 3. Outlet NO concentration while passing 1000 ppm NO through a horizontal flow CuO/EFBC packed bed reactor. 
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Table 1: Previous works on NO removal at low temperature using various carbonaceous materials 
Catalyst 
support 
Catalyst 
configuration 
Activation 
Method 
Metal 
loading 
(wt %) 
Catalyst 
calcination  
 
GHSV 
(h-1) 
Gas 
composition 
Reaction 
temperature 
(ºC) 
NO 
conversio
n (%) 
Ref. 
Oil 
palm 
shell 
based 
activate
d carbon 
Ni/PSAC,  
V/PSAC,  
Fe/PSAC,  
Ce/PSAC  
Physical 
activation 
using CO2 gas 
at 700 - 
1100°C 
5 - 12 500°C for 4 
h in the 
presence of 
argon  
1400
0 - 
3600
0 
2000ppm SO2 
(50%), 500 
ppm NO 
(11%), 10% 
O2, 15% 
relative 
humidity and 
29% N2 
100 - 300 Sorption 
capacity of 
115.80 - 
94.20 mg/g  
(Ce/ 
PSAC),  
96.20 - 
78.50 mg/g 
(V/PSAC)  
[3] 
Coconut 
shell-
derived 
carbon 
Cu/AC 
Co/AC  
Fe/AC 
Ni/AC) 
Steam 
physical 
activation at 
about 800°C, 
impregnated 
with metal 
nitrate, heated 
at 70°C, 
stirred and 
dried at 110°C 
for 2 h  
3 400°C for 4 
h in the 
presence of 
hydrogen 
- 600 ppm NO, 
150 ppm 
toluene, 6% 
O2 
200 - 250 Co/AC > 
Cu/AC > 
Fe/AC > 
Ni/AC 
[27] 
Viscose-
based 
activate
d carbon 
fiber          
CeO2/ACFP 
CeO2/ACFN 
Impregnated 
with 40 vol% 
of HNO3 
solution for 3 
h. Refluxing 
in oil bath at 
90 °C for 2 h. 
9 
 
350 ºC for 6 
h in N2 
stream 
1100
0 
1000 ppm 
NO, 1000 
ppm NH3, 
and 5 vol % 
O2, balanced 
by Ar 
180  86.01 
93.96 
[36] 
Coal 
activate
d carbon 
Ce(0.07)/NA
C 
Impregnated 
with 65% 
HNO3 
solution at 
80oC in water 
bath for 2 h 
7 400 o C for 2 
h under N2 
- 1000 ppm 
NO,  
1000 ppm 
C3H6,  
3% O2 and  
N2 as a 
balance 
280 70 [40] 
 
4. Conclusion 
CuO catalyst supported on modified carbonaceous materials derived from oil palm empty fruit bunch 
(CuO/EFBC system) was prepared using phosphoric acid as activating agent and heat treatment. The CuO/EFBC 
appears to be able to remove 1000 ppm NO up to 90% efficiency; which is comparable to other work done using 
different materials. 
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